'Breadde havynge moche branne fylleth the bealye with excrementes and. . . shortely descendeth from the stomacke' (Elyot, 1541). ' I have known this experience of it, that such as have been costive, by eating browne bread and butter have been made soluble' (Cogan, 1588). These effects of wholemeal bread upon the bulk and passage of the faeces, which were common knowledge in the sixteenth century, had been described over 1500 years earlier by Galen and Hippocrates, and all the scientific work that has been carried out in the last IOO years has confirmed them. Increasing the extraction rate of the flour introduces celluloses and hemicelluloses into the diet. These carbohydrates, being fibrous and only incompletely digested and absorbed, increase the calorific value of the faeces. Raising the extraction rate, however, also decreases the 'apparent' digestibility of many of the other constituents of flour (
less completely absorbed from brown than from white bread diets, but whether these ions are retained in the gut by mechanical 'indigestibility' or to maintain osmotic equilibrium is not yet known.
It is well known that 'markers' such as carmine pass along the whole length of the digestive tract more rapidly if a person is eating brown bread than if he is eating white, but there is still no scientific evidence as to where the speed-up takes place. Does a meal of brown bread leave the stomach more rapidly than one of white as suggested by Elyot in the picturesque language and spelling of the sixteenth century?
If both breads pass along the small gut at the same rate, it is unlikely that the poorer absorption from brown bread can be related to the rate of passage through the gut. If, on the other hand, the difference in the rate of passage applies to the small gut as well as to the large intestine, it is possible that this may help to explain the poorer absorption from brown bread. It was decided, therefore, to investigate radiologically the effect of bread made from flours of two different extractions on the transit times of barium sulphate through the alimentary tracts of normal persons by giving a small quantity of barium sulphate mixed with a large amount of bread. Such a method is not new, for in the early days of radiology the alimentary tract was examined by mixing bismuth salts with food (Rieder, Groedel, 1912-13) . Cole (1914) stated that the true test of gastrointestinal 'motor-efficiency ' was made by giving a suspension of barium sulphate mixed with a meal of meat, potatoes and bread. The quantities of barium sulphate which these early workers used was considerable, so that the alimentary tract was clearly outlined. In this investigation it was decided to use as little barium sulphate as possible so that it would cause a minimal effect on the passage of the meal through the gut.
EXPERIMENTAL
The subjects. Six subjects, three men and three women, whose ages ranged from 25 to 35 years, took part in this experiment. For each of them there were two experimental periods, in one of which the diet consisted largely of brown bread and in the other of white bread. Four of the subjects had brown bread during their first period and white during the second, while the other two started on white bread and finished with brown, The interval between the two periods varied from I to 7 weeks.
The breads. The flours used for baking the breads for these experiments were milled at the Cereals Research Station, St Albans, under the direction of Dr T. Moran. They were of two extractions, 100% (brown) and 70% (white). They were not treated with any improver or bleaching agent, and they did not contain added calcium carbonate. The flour of 100% extraction contained 1.82% fibre; the amount in the I 0 0
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white flour was negligible. Bread was baked from the experimental flours at a small bakery and was made with yeast in the ordinary way. The diets. About three-quarters of the total daily calories was provided by one or other of the experimental breads. Of white bread 5 yo less by weight than of brown bread was eaten to allow for the different amounts of moisture in the two breads. The other foodstuffs that were eaten contained no roughage, and they were chosen so that they could easily be obtained again in the second period. Small amounts of eggs, cheese, bacon, meat, butter, bramble jelly and golden syrup were allowed, each subject choosing his own foods. During the second period the meals of each subject were identical with the corresponding meals of the same subject in the first period. Experimental procedure. For 2 days the subjects ate the experimental diet containing one or other of the breads. On the 3rd day they had their usual experimental breakfast and nothing further for 5 h. Then they ate the test meal. This consisted of 300 g brown bread or 285 g white bread, spread with a paste consisting of 15 g barium sulphate mixed with three teaspoonfuls of water. Four of the subjects drank 200 ml. water with the meal, and the other two, B.S. and R.H., 135 and 1 1 5 ml., respectively. Three capsules, each containing about 0.25 g carmine, were swallowed at the beginning of the meal to indicate when the residue of this particular meal first appeared in the faeces.
As soon as the subjects had finished eating the test meal, they cycled about half a mile to the X-ray Department where the radiological investigations were carried out. T h e examinations began about a quarter of an hour after the end of the test meal. T h e subjects were screened or radiographs were taken every half hour or so for the following 8 h. They did not eat or drink anything more until 6 h after the test meal, or even longer if the stomach had not evacuated the meal by this time. The further progress of the meal through the alimentary tract was studied by examining the subjects radiologically every day until all the barium sulphate had been evacuated from the gut. They continued to eat the experimental diet during this time.
RESULTS
On the whole, but particularly at first, the subjects preferred the diet of white bread. The brown bread required more chewing and took longer to eat. One or two felt some indigestion while they were eating the brown bread. They found, however, as the days progressed they got to like the brown bread more and the white bread less.
Eating a meal of bread is a lengthy procedure (McCance & Widdowson, 1946), and the number of minutes taken to eat the test meals of brown and white bread is given in Table I . Reckoning from the middle of the time taken to eat the meal, the times taken for the stomach to empty (the gastric emptying time) and for the head of the meal to reach the caecum (the small-intestinal transit time) were calculated to the nearest half-hour.
T h e barium sulphate appeared to be more evenly distributed amongst the gastric contents after the meal of brown bread than after the meal of white bread (Pl. I , I). In most of the subjects the shadow of the stomach appeared larger after the brown bread meal, but this was not so evident in subject L.T. After both meals a little Brown and white bread in the gut I 0 1 barium sulphate gravitated to the bottom of the stomach when the subjects stood up.
By the time the first radiographs were taken, about I h after the middle of the test meal, some of both meals had already passed into the jejunum. In the small intestine the barium appeared to be homogeneously mixed with both breads. In the jejunum it produced only a faint shadow, but with both meals the shadow of the barium became more opaque as the meals passed down the gut (Pl. I , 2). In the lower jejunum and ileum the column of barium appeared more opaque and the calibre of the gut narrower with the white bread meal than with the brown (PI. I , 3). The mucosal folds were visualized with both the bread meals and there was no evidence of flocculation of the barium sulphate. The gastric emptying times and the small-intestinal transit times for the test meals of brown and white bread are given in Table I . The brown bread meal left the stomach more quickly than the white, the difference between the two gastric emptying times varying from 0.5 to 1.5 h and averaging I h ( t = 7 * 1 , P = <O.OI). The head of the white bread meal also took longer to reach the caecum. In one subject, R.H., no difference was observed between the transit times for the brown and for the white bread, but for all the other subjects differences of 1-3 h were found. The average 'delay' in the small intestinal transit time for the white bread meal for the six persons was 1.5 h ( t = 3 * 4 , P = 0~0 2 -0~0 1 ) .
There was still some residue left in the terminal ileum of all the subjects 7 h after both test meals, but there was more after eating the white bread than the brown (Pl. 2, I). In one subject, I.H., the small intestine was almost clear of both meals in 8 h; the residue of the brown meal was entirely in the large bowel at this time but a few flecks of barium from the meal of white bread were still in the ileum. Barium sulphate could be seen from the ascending colon to the rectum in all the subjects 20 h after the meal of brown bread. After the meal of white bread the barium was distributed throughout the colon 20 h later in five persons; in the sixth person it was spread only from the caecum to the splenic flexure. The residue from the brown bread was more homogeneous, and the colon was wider when it contained the residue from the brown bread than when it contained the residue from the white bread (PI. 2, 2) . By the 2nd morning after the test meal of brown bread the barium I 0 2
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sulphate had been evacuated from the colon and rectum in five of the six people. The colon of the sixth person was not clear of the barium until the 3rd morning. On the 2nd morning after the test meal of white bread the barium sulphate was still visible in the colon from the caecum to the rectum in all the subjects (Pl. 2, 3). On the 3rd morning four people had evacuated it all, but two subjects still had some barium sulphate left in the colon.
Two of the subjects excreted carmine 9 and 9.5 h after eating the meal of brown bread. Three others excreted carmine the following morning, but the sixth person did not excrete the carmine until I day later. In every subject the carmine took longer to appear after the white bread meal than it did after the brown, the difference varying from 6 h to z days. It is probable that the barium sulphate and the carmine remained mixed in the colon, because barium sulphate was observed radiographically in the rectum at about the time that the carmine was first excreted, and the carmine continued to colour the faeces until the barium sulphate had been evacuated from the colon.
DISCUSSION
Stomach. The greater area of opacity after the brown bread meal could not have been due to a difference in the size of the meals. It suggests that the 'brown' meal called forth a larger amount of secretion, and this has, in fact, been observed before (Nefedov, 1940) . Whether this secretion is salivary or gastric is not yet known, but the former would appear to account at any rate for part of the difference, for the brown bread required more chewing and took longer to eat. Better chewing may also explain the more even distribution of barium throughout the stomach contents of most of the subjects after the brown bread meal, for in I.H., who took particular care to chew the white bread as much as he had done the brown, the barium sulphate was fairly well mixed with both the breads. There is some evidence that it takes longer for a large meal to leave the stomach than for a small one (Van Liere, Sleeth & Northup, 1937), yet here, judging from the size of the secretions and meal taken together, the reverse was true. Lower viscosity may have helped the expulsion of the brown meal. Whatever the reason, Elyot's intuition allowed him to anticipate the observation by 400 years.
Small intestine. If an increase in opacity towards the lower end of the small gut be taken to indicate concentration of barium following the absorption of the meals, then the greater opacity in the lower jejunum and the narrower calibre of these portions of the gut after the white meal suggests that its absorption had been more rapid and complete. It is the 'filling' effect of the hydrated celluloses and hemicelluloses rather than their mechanical irritation that probably accounts for the more rapid transit of the brown bread through the small gut. The 'delay' in the rate of passage of the white bread meal through the small intestine will not, of course, account for the whole of the ' delay ' in the time of appearance of the carmine because food residue normally takes many times longer to pass through the large than through the small gut. Proportionally, the 'delay' was almost as great in the small as in the large intestine, and it is possible that this is responsible for some of the difference in the apparent digestibilities of the two breads.
The gastric and intestinal secretions appeared to cause no flocculation of the barium sulphate. This may have been due to the protective effect of the colloids contained in bread, for Zimmer (195 I ) has shown that in the presence of colloids barium sulphate is not flocculated by the secretions from the small gut.
The large gut. As in the stomach and small intestine there is radiological evidence that the large gut had more in it after the brown bread meal than after the white. The bulk of the faeces confirmed this and it is suggested that greater bulk, together with greater malleability, were the main reasons for the more rapid transit and expulsion of the brown bread residues. SUMMARY I . The passage of brown and white bread through the alimentary tracts of six healthy men and women was studied radiologically by the addition of a small quantity of barium sulphate to the bread.
2. The brown bread appeared to stimulate a greater secretion of saliva or of gastric juice or of both than did the white bread.
3. The brown bread was evacuated from the stomach and passed through the small intestine more rapidly than the white bread.
4.
The residue from the brown bread, when in the ileum and in the colon, appeared to be greater than that from the white bread.
.
The residue from the brown bread left the colon 24 h sooner than that from the white bread.
